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CHAPTER 1 
INTRODUCTION
1.1 Introduction 
 Strut-and-tie modeling is an analysis and design tool for reinforced concrete 
elements in which it may be assumed that internal stresses are transferred through a 
truss mechanism. The tensile ties and compressive struts serve as truss members 
connected by nodal zones. The internal truss, idealized by the strut-and-tie model, 
implicitly account for the distribution of both flexure and shear. 
1.2 Problem Statement 
 Three procedure are currently used for the design of load transferred 
members such as deep beams:  
? Empirical design method 
? Two or three dimensional analysis, either linear or nonlinear  
? By mean of trusses composed of concrete struts and steel tension ties. 
Strut and tie model is considered a rational and consistent basis for designing 
cracked reinforced concrete structure. It is mainly applied to the zones where the 
2beam theory does not apply, such as geometrical discontinuities, loading points, 
deep beams and corbels. 
 The main advantage of truss model are their tranparency and adaptability to 
arbitrary geomatric and loading configuration.  In strut-and-tie modelling, the 
internal stresses are tranferred through a truss mechanism. The tensile ties and 
compressive struts serve as truss members connected by nodal zones.  The 
advantages have been thrust into the back ground by several recent developements 
of design equations based on truss models,  
 In 1998, the AASHTO LRFD Bridge Specifications (1998) incorporated the 
strut and tie modeling procedure for the analysis and design of deep reinforced 
concrete members where sectional design approaches are not valid. In most 
instances, hammerhead piers can be defined as deep reinforced concrete members 
and therefore, should be designed using the strut-and-tie modeling approach. 
However, most bridge engineers do not have a broad knowledge on the strut-and-tie 
model due to the unfamiliarity with the design procedure.  Therefore, it is likely 
that, with the formulation of a well-defined strut-and-tie modeling procedure, 
practicing engineers will become more comfortable with the design method and 
therefore, employ the method more often and consistently. 
 The succesful application of a strut-and-tie model depend on a reliable 
visualization of the path of the force flows. In a typical strut-and-tie analysis, the 
force distribution is visualised as compressive struts and tensiles ties, respectively.
31.3  Objectives 
 The specific objectives of the study are: 
? To ascertain the degree of strut-and-tie modeling implementation.  
? To compare the flexure and shear reinforcing requirements for typical 
hammerhead type bridge piers using both strut-and-tie modeling and standard 
sectional design practices, and  
? To develop a uniform design procedure for employing strut-and-tie  
modeling for hammerhead piers. 
 Most codes of practice use sectional methods for designed of conventional 
beams under bending and shear. ACI building Code 318M-95 assumes that flexure 
and shear can be handle separately for the worst combination of flexure and shear at 
a given section. The interaction between flexure and shear is addressed indirectly by 
detailing rules for flexural reinforcement cutoff point.  
1.4  Scope of Study
 In these study pier caps was designed using the strut-and-tie modeling 
procedure and the results compared to the results of the sectional design method. By 
comparing the results, the reduction or increase in the flexural steel and the shear 
steel can be quantified. 
 These new procedure can provide rational and safe design framework for 
structural concrete under combined actions, including the effects of axial load, 
bending and torsion. 
4In addition specific checks on the level of concrete stresses in the member are 
introduced to ensure sufficient ductile behavior and control of diagonal crack widths 
at service load level. 
